ABSTRACT This paper aims to suggest a multi-criteria decision making (MCDM) approach in the businessto-business context in order to evaluate the smartphone options and tariff plans offered by mobile service providers in respect to the taxi service operators' preference order. With the expert questionnaire filled by decision makers (DMs) of taxi service operating firms and real data collected from heterogeneous data sources, three MCDM techniques are utilized in the selection process: an analytic hierarchy process is utilized to set the relative weights of the smartphone and tariff plan evaluation criteria. Furthermore, the technique for order preference by similarity to ideal solutions and graph theory and matrix approach (GTMA) are applied to select an ideal smartphone and its relevant tariff plan for taxi service operators. The GTMA weights are obtained by the proposed self-written algorithms in RStudio software. The results show that the most ideal smartphone for taxi service operators is Lenovo A2016 (LTE) offered by Azercell mobile service provider. In addition, the most suitable tariff plan along with the smartphone is ''Optimist Talk'' with 3000 on-net and 300 off-net minutes, 300 SMS, and the 3000-MB Internet, which costs only 29 AZN per month. This paper fills the gap in the literature that no former studies combined above-mentioned three MCDM techniques to select an ideal smartphone as well as tariff plan, which are offered by mobile service providers. In addition, using three techniques, particularly the R script implementing the dynamicprogramming concept to calculate the assessed index scores for GTMA, significantly contribute to DMs in the B2B context to find an ideal solution not only in the mobile service but also in other domains.
I. INTRODUCTION
The prevalent adoption of mobile phones is considered one of the substantial developments in the history of communication and information technology [1] . According to the International Telecommunication Union (ITU) [2] , despite the increase in communication technologies usage and commonness, the costs have decreased in 2012. Due to the fast transformations in mobile phone models, users face difficulty in the decision-making of how to purchase the most suitable smartphone model and tariff plan option from the mobile The associate editor coordinating the review of this manuscript and approving it for publication was Francisco J. Garcia-Penalvo. service providers. In addition, new generation smartphones are not the devices only for the communication purpose but are also comprised of distinctive features such as camera, internet access, calculator and others [3] . Smartphone users have different preferences and selection criteria associated with a smartphone and tariff plan. Haverila [4] indicated that male smartphone users put more emphasis on battery capacity, quality of hardware, ease of use, price and display size accordingly. On the other hand, female users prefer price, design, parts used, language selections and ringtones, while male counterparts prefer the features related to business service in smartphones [5] . Besides the camera, notepad and communication features of smartphones, they can also function as status symbols in developing countries such as Turkey [6] . Since the mobile phones became the emerging need of the crowds, manufacturers started to integrate consumer preferences with the mobile phones' features [7] . The wide variety of products highly conform to the financial and social status of users, furthermore their usage preferences as well as attitudes towards mobile phones. Due to the complex market environment, a selection of an appropriate mobile phone becomes a crucial issue [8] . Hence, the selection of a mobile phone could be addressed as a complex multi-criteria decision problem by considering the significant difference in the expectations of people from diverse functional areas of a society.
Despite the growth of smartphone market size as well as the tariff plan options offered by mobile service providers as different packages for different types of users, it still remains the challenging job for consumers to select the most suitable smartphone and integrated tariff plan for their usage purposes. Mobile service providers offer various tariff plans such as high internet capacity, low connection service charge with call options. The most important aspect is a customer value in a mobile service design [9] . The value of the way of technology usage is redefined by users in order to better fit their preferences and behavior towards the use of technology [10] , meeting lifestyle needs, and being of outstanding quality [11] . Nonetheless, the service costs will less likely to be a concern, once mobile network services are able to fulfill customers' expectations [12] . Former researches discovered several criteria contributing to a mobile service selection. Nikou et al. [13] specified that network coverage, monthly internet, rewards, and customer care are important factors in selecting the most relevant mobile service. Price, and value-added services [14] , monthly commitment, charges and rewards [15] are the main criteria for Malaysian students in selection of the appropriate mobile service providers. It is obvious that smartphone buyers encounter a wide variety of mobile devices as well as tariff plan options to select from telecom providers in order to meet their goals. However, to the authors' best knowledge, very few studies have offered an integrated solution for selecting the most suitable smartphone and its relevant tariff plan options. Galbreth and Blackburn [16] assessed the tradeoff between the acquisition and scrapping costs as well as remanufacturing costs while the product condition varies broadly and is uncertain. In fact, present studies combining smartphone and tariff plan selection are limited although it is an essential issue for different types of users.
The present study proposes an MCDM approach to solve the selection of a smartphone and its relevant tariff plan problem for taxi service operators in Azerbaijan. In recent years, the need for taxi service has been grown considerably. Various taxi companies have been established, which significantly differ from each other in respect with the service type and level. Major players in the market are TaxiTap, Taxi 24, 189, UberX, DostTaxi, Baku (London) Taxi, and others. http://fins.az/naqliyyat/888843/bakida-enserfeli-taksi-xidmeti-hansidir-arasdirma.html Different taxi service operators cooperate with different mobile service providers. For instance, 189 taxi service works with Bakcell, which is the second biggest mobile operator with over 3 million subscribers. Azercell is the leader in the mobile telecommunications market with over 5 million subscribers, while Nar Mobile is the third which has the subscriber base with over 2.5 million. 1 While mobile service operators are competing to offer the most ideal mobile handsets combined with the suitable tariff plans for their corporate customers, the latter ones such as taxi service operators are competing with other in order to provide better services to their clients. Hence, they collaborate with mobile service providers to get better internet access, call hours, monthly subscription rates in order to get better connected with passengers calling the taxi services.
This research incorporates MCDM techniques, namely AHP, TOPSIS, and GTMA in order to initially identify the most ideal smartphone and its provider and then select the most suitable tariff plan option. AHP is used to assess the relative weights of criteria in respect with the smartphone and tariff plan option by the mobile service provider. Then, TOPSIS and GTMA are used to select an ideal smartphone and its relevant tariff plan option for taxi service operators.
The permanent values of GTMA are obtained with the proposed self-written algorithm in RStudio software, which is the novel technique adopted in this study.
This research fills the gap in the literature that no former studies combined the two decision-making problems of the ideal smartphone and its relevant tariff plan option selection. In addition, the combined three MCDM techniques are used to select an ideal smartphone as well as the tariff plan provided by mobile service provider for the first time, and particularly self-written codes in RStudio to obtain the permanent values could noticeably contribute to DMs in B2B context to find an ideal solution not only in mobile service domain but also other settings.
II. THEORETICAL BACKGROUND A. SMARTPHONE AND MOBILE SERVICE PROVIDER SELECTION CRITERIA
Mobile devices are well equipped with multiple network interfaces, embedded sensors, namely accelerometer, GPS, gyroscope, microphone, and camera [17] . Hence, smartphones have become an integral part of our life by serving across many settings, such as social networking, health, environmental, traffic, and human behavior monitoring. In the recent studies, Yuen [18] proposed the fuzzy cognitive pairwise comparison for ranking and grading clustering (FCPC-RGC) in order to create smartphone recommendation system. It was implied that while making a smartphone purchase, consumers buy a bundle of features rather than the phone itself. They expect a smartphone for not only talking, but also for other variety of functions, such as camera (CAM), books, music, movie, and games. The authors further categorized the features for smartphone purchasing decision into four categories: (1) price attractiveness; (2) brand; (3) smartphone device; and (4) release date. The smartphone device category is comprised of several subcategories, namely operating system, processor speed, display quality, size and weights, memory, camera, and battery life. Işıklar and Büyüközkan [8] categorized the major criteria while selecting a mobile phone in two categories, namely product-related and user-related criteria. The product-related category is comprised of three criteria that are basic requirements (BR), physical characteristics (PC), and technical features (TF), while user-related category contains functionality (FUNC), brand choice (BC), and customer excitement (CE). Additionally, each criterion is also divided into its own subcriteria, such as reasonable cost/price, standard parts used, and standard process applied belonging to basic requirements. Yıldız and Ergül [3] identified three major criteria for the best smartphone selection: Technical specifications (TS), physical properties (PP), and user-related features (URF). Each criterion contained its own sub-criteria. For instance, TS is comprised of pixel density (PD), Random access memory (RAM), CAM, battery power (BP), talk time (TT), standby time (ST) and others. Belbag et al. [19] initially identified the most popular smartphones in Turkey and then set the criteria as price, screen size, weight, resolution, design, and durability. Lai et al. [20] determined that the key aspects affecting consumer preference in mobile network service quality is the network coverage. In reference with the discussion above, all the previously addressed smartphone features were initially collected, the ones similar to each other were considered as a single feature, and eventually four main criteria, namely BR, PC, TF, and CE were used by incorporating the most important features of smartphones (see Table 1 ). We also added monthly payment (MP) in order to compare the monthly fees that buyers need to pay for each smartphone. Kim and Kwon [21] had used average monthly payment for mobile telephony as one of the explanatory variables. In another study, it was found that the monthly bill charges, as well as commitment, play a significant role in telecommunication sector [22] . Hence, a suitable pricing policy contributes to the growth of telecom companies.
The mobile network market in Azerbaijan is dominated by the three major mobile service providers: Azercell, Bakcell, and Nar mobile. Each service provider offers different mobile handsets with different tariff plan options for corporate clients (SMEs and large business) (see Tables 1 and 2 ). For instance, Azercell offers four different smartphones, namely iPhone 7 (32GB), iPhone 7 (128GB), GM Android One, and Lenovo A2016 (LTE) which integrate four different tariff plans, namely ''Optimist Talk'', ''Optimist Internet'', ''Optimist Network'', and ''Pragmatist'' that corporate clients can select one. Bakcell offers iPhone 5S (32GB), iPhone 5S (64GB), iPhone 6S (32GB), iPhone 6S (128GB) combined with the tariff plans of ''Corpo Silver'', ''Corpo Gold'', and ''Corpo Platinum''. Finally, Nar mobile offers only Samsung J320 along with the tariff plans of ''Business Freedom'' for SMEs, and ''Business 9'' for large businesses. In order to compare the tariff plans of mobile service providers, we identified the main criteria as monthly subscription (MS), In-Business (IB), On-Net minutes (OnN), Off-Net minutes (OffN), SMS (SMS), and Internet (INT), which are common to all three mobile service providers, and are adapted from the websites of each of them.
B. MCDM TECHNIQUES IN THE RELATED FIELD
Işıklar and Büyüközkan [8] proposed an integrated AHP and TOPSIS approach to select the mobile phone. It was revealed that user-related criteria and its functionality dimension are more important factors in mobile phone selection. In addition, TOPSIS results indicated that Sony Ericsson K700i is the most popular mobile phone compare to Nokia 7260 and Motorola V80 in Turkey. Kumari et al. [23] used TOPSIS to evaluate the brand preferences of smartphones in India. Overall, twelve indicators, namely battery life, screen resolution, dimension, operating system, design and appearance, camera and zoom, customer support, access and connectivity to web, audio compatibility, document reader, and price were considered. By proposing a decision-making trial evolution theory (DEMATEL) and ANP methods, Jeng and Bailey [24] discovered that customer service, phone service, and the quality of phone plan are the key stimulus regarding the brand image, and compliant management, while phone service quality is the significant determinant of customer satisfaction and retention in Canada. Alam et al. [25] used AHP to explore the consumer preferences on telecom operators in Bangladesh. The findings of other studies have been listed in Table 3 .
GTMA is a relatively recent popular decision-making method [26] , which has been used in the context of green supply chain management, equipment selection, ranking contractors, and performance evaluation [27] - [30] . In another study, a hybrid AHP and GTMA approach (AHGTMA) has been used to evaluate fuel energies in transportation [31] . Moreover, hybrid approach is considered more effective due to the extent that it combines the initial criteria evaluation with AHP survey and final evaluation with GTMA modeling, which is referred as not only ''data mining'', but also ''mind mining'' [26] . Hence, the decision-making can be hybridized in light of the combination of both AHP and GTMA methods.
To the best knowledge of the authors, the studies integrating smartphone and its relevant tariff plan provided by a mobile service operator are limited, particularly for corporate clients. In addition, regardless the AHP-GTMA hybrid models, the application of combined AHP, TOP-SIS and GTMA techniques is reluctant in previous studies.
However, using more decision-making techniques would produce more precise outcomes. Therefore, in this study, combined AHP-GTMA approach, GTMA standalone approach, as well as TOPSIS method are selected.
III. MCDM TECHNIQUE A. AHP METHOD
AHP -an MCDM method, is extensively used in solving a large variety of problems which involve complex criteria across various disciplines [44] . An application of AHP in the context of service quality is very few, although the service quality is one of the major driving forces of service industry [45] . AHP helps to finalize the ranking of competing candidates while trying to identify the main contributors in the process of solving a certain problem. It is highly applicable while it is difficult to formulate evaluations criteria as well as allows quantitative assessment [35] . In the AHP process, initially, the decision problem is defined, while the target, main criteria, as well as its sub-criteria and alternatives are settled in the next stages.
Following the framework of AHP, the decision problem is considered as the evaluation of smart phones offered by three mobile service providers, namely Azercell, Bakcell and Nar Mobile by borrowing the dimensions and sub-dimensions from previous studies [3] , [8] , [19] , [36] while the goal is to enhance the smartphone and tariff plan selection in Figures 1 and 2 . Under the overall goal of the ideal smartphone selection, we identify four dimensions in level 2, namely BR, PC, TF, and CE as well as their underlying sub-dimensions in level 3. In respect with the ideal tariff plan selection, we identify six dimensions, namely MS, IB, OnN, OffN, SMS, and INT.
In the next step, the interactions between the criteria and alternatives are defined and hierarchical structure is formed. By using measurement scale based on a 9 point scale originally developed by Saaty [44] (1 = equally important, 2 = equally important to somewhat important, 3 = somewhat important, 4 = somewhat important to moderately important, 5 = moderately important, 6 = moderately important to very important, 7 = very important, 8 = very important to extremely important, and 9 = extremely important), the comparison between the criteria and alternatives is made (see Table 4 ), which is followed by the formulation of comparison matrices [44] . One of the major parts of the AHP process is the calculation of consistency ratio, which is defined as consistency index/random index. The latter is based on the number of criteria (N ), while the former (CI) is based on the equation shown in Equation 1, where λ max is the highest eigenvalue of the matrix. The value of CI must be less than or equal to 0.1 (CI ≤ 0.1), showing consistency.
As number of criteria is 4 (N = 4) in smart phone selection hierarchy, the corresponding value is 0.90, while N = 6 in tariff plan selection hierarchy, the corresponding value is 1.24 [48] (see Table 5 ).
In our case, the data collection process included two stages. Initially, we approached eleven DMs of the major competing taxi service operators in order to obtain their preference on the optimal smartphone based on the defined characteristics.
Following the identification of the ideal smartphone, we moved to the second stage. In this stage, we invited the same DMs to evaluate their preferences on the tariff plans provided by the mobile service provider, based on the defined criteria.
B. TOPSIS METHOD
This method has been recommended by Chen and Hwang [49] with reference to Hwang and Yoon [50] . In this method, the chosen alternative must have the shortest distance from the ideal solution maximizing the benefit, while minimizing the overall cost, and the farthest distance from the negative-ideal solution minimizing the benefit, while maximizing the overall cost [51] . The major steps of TOPSIS method are demonstrated in Appendix B.
In the first step of TOPSIS, the decision matrix representing performance values of each alternative, which are smartphones and tariff plans in our case, is calculated with respect to each criterion (Br ∼ CE in smartphones) and (T1 ∼ T12 in tariff plans), respectively (see Appendix A, Eq. 2). In the next step, performance values of smartphones and tariff plans are multiplied with the criteria weights obtained from AHP (see Appendix A, Eq. 3). It is followed by determination of positive-and negative-ideal solution that refers to the best and worst smartphone as well as tariff plan in our case (see Appendix A, Eq. 4 to 7). Finally, the smartphones and tariff plans are ranked with respect to their relative closeness to the ideal solution (see Appendix A, Eq. 8).
In TOPSIS, the distance of selected alternative with value of C * j is intended to be minimized from the positive ideal solution, while maximized from the negative ideal solution. Tables 6 and 7 show the distance of smartphones and tariff plans ideal to positive and negative ideal solutions. Among the smartphones, Lenovo A2016 LTE (A4) is closer to the ideal solution and far from the non-ideal solution, whereas among the tariff plans, ''Optimist Network'' is closer to ideal solution and far from non-ideal solution. 
C. GTMA METHOD
Graph theory is related to the systematic and logical approach in order for modeling and analyzing different kinds of problems in different areas of science and technology. Rao [52] presented this method with the inclusion of some of its applications. The Graph and matrix approach is highly beneficial in respect with the analysis of the graph and digraph models in order to derive the system function and index for meeting the objectives [52] . Chen and Hwang [49] recommended a numerical approximation system in order for converting linguistic terms to their relevant fuzzy numbers. The value of criteria (X i ) can be considered as linguistic terms which is further transformed into corresponding fuzzy numbers and crisp scores correspondingly [53] . In the current study, an 11-point scale is used [49] , [53] , meaning that the relative importance is represented in 11 classes, which leads to minimizing the subjectivity to a large extent and determining the relative importance between two selection criteria. Table 8 indicates the scale which is used to compare criteria.
The graph theory and matrix methods are comprised of the digraph representation, the matrix representation, as well as the permanent function representation. The digraph is the graphical representation of the variables and their interdependencies. The matrix converts the digraph into mathematical form. The permanent function is a mathematical representation helping to determine the numerical index [54] . The digraph representation of smartphone selection criteria is depicted in Figure 3 .
In the next step, smartphone and tariff plan selection matrix is created. If we consider that there are M number of criteria and the relative importance exists among them, the matrix is generated as M × M considering all the criteria (X i ) and relative importance (x ij ) as in equation 9 shown in Appendix B. Here, X i is the value of the i th criteria represented by node n i , while x ij is the relative importance of the i th criteria over the j th [52] . The values of X i are obtained from available data (data mining) or estimated data (mind mining). Finally, the permanent value of a square matrix is obtained by sum of products of all sets of square matrix elements defined in rows and columns. For instance, the permanent value of a 3 × 3 square matrix, M is calculated as following:
where, there are 6 sets to be summed. This scenario can be applied to all kinds of square matrices. Since AHP is a well-known technique for mining the decision-maker's (DM) evaluation, in this study, it is used to have the pairwise comparison opinions and the priority of pre-defined criteria. GTMA is a recent popular method for optimizing decision-making and it is used to mine the data sets (pairwise comparison matrix and the source data for the alternatives). Hence, particularly in case of AHP-GTMA approach, a DM selects the most fitting smartphone and tariff plan.
In our case, the calculation of permanent values is performed with self-written R script because unlike the calculation of the determinant value for a square matrix where the sign matters, the calculation of permanent value is not supported by the default packages in RStudio. The R program is written in a ''dynamic programming like'' manner. The details of the description of R function has been provided in Appendix B.
IV. ILLUSTRATIVE EXAMPLE
Initially, based on the AHP as shown in Figure 1 , we formed a pair-wise comparison matrix, and then the weights of predefined criteria and sub-criteria in respect with the optimal smartphone selection are determined. The priority of weights related to the main goal is given in Table 9 .
The obtained weights of sub-criteria related to BR, PC, TF, and CE were then used in AHP-GTMA (combined with AHP normalized weights), TOPSIS and GTMA (only) which is solely based on GTMA normalized weights, in order to select the most optimal smartphone for taxi service operators. It must be noted that the weights which are obtained using GTMA-AHP approach are based on a 1 to 9 scale proposed by Wang [33] , while GTMA (only) weights are based on the relative importance of attribute scale (0.045 to 0.955). This process applied both in the smartphone and tariff plan selection stages. The results indicated that Lenovo A2016 offered by Azercell mobile service provider is the most optimal smartphone that taxi service operators can use in their business operations. By looking at the specifications of the smartphone, Azercell charges only 25 AZN per month with 12 months payment period. However, consumer willing to buy other options such as iPhone 7 (32GB), iPhone 7 (128GB), and Gm Android One, need to pay 129 AZN, 149 AZN, and 35 AZN respectively. In addition, Lenovo A2016 (LTE) outnumbers GM Android One in terms of talk time (hrs), while outnumbers iPhone 7 (32GB) and iPhone 7 (128GB) in terms of battery life (mAh). Hence, it can be summarized that taxi service operators prefer monthly charge, talk time and battery life regardless of the appearance of the phone such as dimensions, display, and weight. Table 10 and Figure 4 illustrate the permanent value as well as the weights obtained by different MCDM methods.
In terms of selecting the most suitable tariff plan offered by Azercell along with Lenovo A2016, we again formed a pair-wise comparison matrix, and the weights of all criteria regarding the suitable tariff plan selection are determined by using the AHP. The priority weights in respect to main goal are identified as MS = 0.197, IB = 0.188, OnN = 0.141, OffN = 0.163, SMS = 0.146, and INT = 0.165, indicating that the most important criteria is the amount of monthly subscription, followed by call minutes given for in-business operations, while the less important factors are offN, SMS, and OnN respectively. Furthermore, the obtained weights were used in AHP-GTMA (combined with AHP normalized weights), TOPSIS and GTMA (only based on GTMA normalized weights) in order to select the most suitable tariff plan offered by Azercell. The findings show that the most suitable tariff plan is ''Optimist Talk'' followed by ''Optimist Internet'' which can be used with Lenovo A2016 smartphone. By looking at the details of ''Optimist Talk'' tariff plan, Azercell provides unlimited in-business call minutes, 3000 on-net minutes, 300 off-net minutes, 300 SMS, and 3000 MB internet, which only costs 29AZN per month. However, ''Optimist Internet'' plan does not offer SMS, while ''Optimist Network'' does not include on-net minutes and SMS. Finally, ''Pragmatist'' has more options such as free onnet minutes and 10000 MB Internet. However, the monthly subscription fee is 59AZN which is almost double price of other tariff plans. Therefore, the findings of the study indicate that taxi service providers can select the ''Optimist Talk'' tariff plan which can fit their demands in business operations. Table 11 and Figure 5 demonstrate the comparison of all tariff plan options by giving the rankings.
V. SENSITIVITY ANALYIS
Since the ranking of smartphone and tariff plan alternatives are affected by the criteria weights, they might be sensitive to the changes. In the current study, two types of sensitivity analyses were performed. Initially, the weights of AHP criteria for smartphone and tariff plan selection were adjusted with a 10%, 30%, and 50% increase. Results of the analysis for each criteria of smartphone selection are given in Figure 6 .
According to the results, C2, C5, and C7 are less sensitive, while C3, C6, and C9 are relatively more sensitive to the criteria weights change. However, the weights change did not affect the ranking change of the criteria.
In the second part of sensitivity analysis, the criteria weight changes applied to the smartphone alternatives. Four scenarios shown in Table 12 and Figure 7 are taken into consideration. Scenario 1 includes zero change or no change in criteria weights, while Scenario 2 includes 10% increase, while Scenario 3 includes 30% increase, and Scenario 4 includes 50% increase in the weights.
Scenario 1 represents the original ranking of smartphone alternatives. Scenario 2 shows that Lenovo A2016 (LTE) is the most optimal smartphone option, followed by GM Android One. Scenario 3 also supports the same finding, whereas Scenario 4 indicates that Samsung J320 is the most optimal smartphone selection when increasing the criteria weights by 50%. However, the aggregated ranking results shows that Lenovo A2016 (LTE) remains the first option. Table 13 shows the aggregated ranking results of smartphone alternatives.
The sensitivity analysis was performed for tariff plan criteria weights and alternatives too. The analysis shows that the criteria weights increase by 10%, 30%, and 50% did not significantly affect the criterion ranking change (see Fig. 8 ).
In addition, the criteria weights change applied to the tariff plan alternatives. Four scenarios shown in Table 14 and Figure 9 are taken into consideration. Again, Scenario 1 includes zero change or no change in criteria weights, while Scenario 2 includes 10% increase, while Scenario 3 includes 30% increase, and Scenario 4 includes 50% increase in the criteria weights. According to the aggregated ranking analysis of tariff plan alternatives, ''Optimist Talk'' is found to be the most optimal tariff plan, followed by ''Optimist Network'', compare to the ranking before sensitivity analysis was performed (see Table 15 ).
VI. DISCUSSION AND CONCLUSION
This study integrated AHP, TOPSIS and GTMA approach to support decision-making on the selection of the most optimal smartphone and its tariff plan from the pool of alternatives. Real data regarding the smartphone characteristics, as well as the tariff plans was obtained from the three mobile service providers' web pages showing the smartphone and its relevant tariff plan choices for corporate clients, while data of pre-defined criteria and sub-criteria required for TOPSIS and GTMA modeling, are polled by using the AHP survey with DMs of taxi service operating firms. The AHP results indicated that TF is the most important criteria in smartphone selection, followed by BR. Furthermore, monthly payment for smartphone, its standby time, and width are the most preferred characteristics for taxi service operators respectively. In the context of selecting the most suitable smartphone, AHP-GTMA, TOPSIS and GTMA results showed that Lenovo A2016 (LTE) is the ideal smartphone choice for the taxi service operators. It was identified that Lenovo A2016 (LTE) is offered by Azercell. In terms of selecting the most important factor in tariff plan preference, it was found that the amount of monthly subscription is the priority factor, followed by call minutes given for in-business operations for corporate clients.
The further analysis associated with the selection of the most affordable tariff plan option provided by Azercell indicated that the ''Optimist Talk'' tariff plan is more suitable to use along with Lenovo A2016 (LTE) in taxi service provision. By considering that Lenovo A2016 (LTE) possesses longer battery life, talk time, and only costs 25 AZN per month, it can be an attractive option for the taxi service operating firms to provide smooth communication between taxi drivers and clients. In combination with the ''Optimist Talk'' tariff plan option, users can highly benefit from the selected product + service.
This study not only widens the application scenario of the AHP, TOPSIS, and GTMA method but also provides decision supports to the encountered practical ''smartphone + tariff plan'' selection problem, which has not been widely and systematically explored yet. The R-based algorithm for implementing the latter stage of the method (i.e., implementing the Per() function to assess the index score for each alternative in terms of the dynamic programming concept) is perhaps another contribution of this study. Not only taxi service operators, but also diverse corporate clients can use our findings in the process of selecting the most suitable smartphone and mobile service operator. In academically, prospective studies could apply either combining AHP, TOPSIS, and GTMA (R-based algorithm) or extending the set of MCDM techniques in the same or different domains and/or countries.
VII. LIMITATION AND FUTURE RESEARCH
This research is limited to only one country. However, an extension of the study design towards other countries would be interesting work. Azerbaijan is a small country with around 9.6 million and there are only three major mobile service providers. However, conducting the similar study, as well as extending the MCDM techniques in bigger countries, in which there are many smartphone and tariff plan choices, would produce more precise results supporting the decision-making of users. In addition, this study only considered corporate clients, which could also extend to other types of users. Finally, as this study uses the purchasing case on the buyer side and the results have also implied something for the tariff plan design of mobile services, perhaps in the future the optimization model to assist the design process of tariff plans can be studied on the mobile service providers' side, or can also consider the smartphone manufacturers in order to consider an integration of the most preferred elements (e.g., smartphone dimensions, battery life, entertainment) by users in to the products.
APPENDIX A MAJOR STEPS OF TOPSIS METHOD
Step 1: Normalized decision matrix is calculated, in which the normalized value (r ij ) is assessed as:
Step 2: Weighted normalized decision matrix is calculated as:
where, w j refers to the j th criteria weight, and
Step 3: Positive-and negative-ideal solution are determined.
where, C b is benefit criteria, while C c is cost criteria.
Step 4: Separation measures with the use of m-dimensional Euclidean distance are calculated. The distance of each alternative from the positive ideal solution is calculated as:
The distance of each alternative from the negative ideal solution is calculated as:
Step 5: Relative closeness to the positive ideal solution is calculated, in which the relative closeness of the alternative Aiin relation with A * is assessed as:
Step 6: Finally, the ranking of preference order is given. The index value of RC * l RC * l changes from 0 to 1. The higher index value the closer to the positive ideal solution for alternatives will be.
In the matrix, X i refers to the value of i th criteria embodied by node n i , while x ij refers to the relative importance of i th criteria of j th one embodied by d ij . By using this approach, the permanent of the matrix must be calculated in order to select the best alternative. The permanent function refers to the determinant of matrix, with the positive consideration of all the determinant terms. If the decision matrix is comprised of M criteria, the permanent function is given as equation 10.
The major steps of the GTMA method are depicted further.
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A. DESCRIPTION OF R FUNCTION R function, named as per3(), to obtain the permanent value of a 3 × 3 matrix is written at first. Then this function is used as the basic block of the per4() function, which calculates the permanent value of a 4 × 4 matrix. These can support the permanent value functions for higher dimensional matrices, e.g., per5(), per6() and per7(). The above logic can be illustrated by the following R logic:
where M is a 4 × 4 numerical matrix and per3() is an existing function. The detailed description of the R script has been provided in Appendix C.
B. MAJOR STEPS OF GTMA PERMANENT VALUS OBTAINED IN R STUDIO (EXAMPLE: iPHONE 7, 32GB)
Step 1: Import ''.csv'' extension file into R studio software (4 criteria) M1P<-read.csv('iPhone7.32GB.csv', header=FALSE); str(M1P); M1_mat<-data.matrix(M1P); M1_mat;
Step2: Based on the GTMA formula, set up a 3 × 3matrix in respect with the selected criteria Perm1<-function(Temp_mat) {Temp_mat [ 
